T e tra c h lo ro a m in o b o ra n e , i r B N M R spectro sco p y T e tra c h lo ro a m in o b o ra n e (C12BNC12) h a s b e en p re p a re d from n itro g e n tric h lo rid e a n d b o ro n tric h lo rid e . I t s i r B N M R s h ift w ith re sp e c t to b o ro n triflu o rid e -d ie th y le th e r is --34.7 p p m . T h e in fra re d fre q u e n cy o f th e B -N stre tc h in g v ib ra tio n a p p e a rs to be 1312 c m -1.
Boron trichloride and nitrogen trichloride react in tetrachlorom ethane form ing hexachloroborazine as a final p ro d u ct1.
3BC13 + 3NC13 -> (C1BNC1)3 + 6 Cl4
(1)
I t appeared th a t th e outcom e of th is reaction is sensitive to a certain excess of boron trichloride. I t seemed probable th a t one or m ore o ther boronnitrogen-chlorine com pounds m ight be present as interm ediates. In order to investigate this, n B NM R spectros copy has been applied.
Experimental
Solutions of nitrogen trichloride were prepared according to th e m ethod of N o y e s 2 using only tetrachlorom ethane as solvent. The concentrations were determ ined by means of jodo m etric titra tio n and if necessary ad ju sted to a b o u t 1 Mol/1. Boron trichloride and tetrachlorom ethane wrere commercial products used w ithout fu rth er purification.
The reaction m ixtures were prepared by conden sation of boron trichloride in th e reaction flask a t -20 °C, adding th e required am o u n t of nitrogen trichloride solution followed by w arm ing up to room tem perature.
Infrared spectra were recorded on a B eckm an IR -10 spectrophotom eter using pure liquid between cesium brom ide windows. The Raman spectra were obtained w ith a Cary 81 in stru m en t furnished w ith a helium -neon laser (6458 Ä). N uclear m agnetic resonance m easurem ents were perform ed on a V arian HA 100 ap p a ra tu s using the sideband technique for calibration w ith boron trifluoride-R e q u e sts for re p rin ts sh o u ld be s e n t to J . G. H a a sn o o t , G orlaeus L a b o ra to ry , C o o rd in a tio n C h em istry , P . O. B ox 75, L eiden, T h e N e th e rla n d s.
diethylether as external reference. The m ass spectra were recorded on a A E I MS 902 mass spectrom eter w ith an all glass heated inlet system operating a t about 100 °C. Fig. 1 shows the n B NM R spectra of a m ixture of nitrogen trichloride and boron trichloride in tetrachlorom ethane a t several stages of th e reac tion (1).
11B N M R spectra
As can be observed from Figs l a and l b a rapid form ation of a com pound producing signal A (-34.7 ppm) occurs.
A second interm ediate, related to signal B (-39.8 ppm ), is produced more slowly and in a small am ount. Sim ultaneously hexachloroborazine is produced (-32.8 ppm) . See Figs. l c an d Id .
The absorption which shows up intensively a t -46.6 ppm in all figures is of boron trichloride which was present in about 100% excess.
A t tem peratures from -25 °C to -f 25 °C no NM R signal in the range from 0 to -20 ppm could be observed. In this range adducts of th e tp y e R 3NBC13 usually absorb3.
A bsorption A was assigned to tetrachloroam ino borane
on th e basis of the observed UB chemical shift (-34.7 ppm) . This shift m ay be com pared w ith those of triehloro-N -ethylam inoborane4 and dichloro-N-diethylam inoborane. Table I F ig . 1. X1B N M R s p e c tra o f a m ix tu re o f b o ro n t r i ch lo rid e a n d n itro g e n tric h lo rid e in te tra c h lo rom e th a n e a t 20 °C a fte r a re a c tio n tim e o f 5 m in u te s (Fig. a) , 20 m in u te s (Fig. b ) , 2 h o u rs (Fig. c) As can be seen from Table I , the effect on chemi cal shift as well as on stretching frequency of sub stituting two ethyl groups on nitrogen by chlorine, is about twice as large as th a t of substituting only one of the ethyl groups. This implies th at the shift is proportional to the stretching frequency.
Because of its more negative " B shift (-39.8 ppm), the compound related to signal B m ight have a composition with a less shielded boron. Pentachlorodiborylamine, C12B-NC1-BC12, will meet this requirement, though this assignment is speculative.
Isolation of tetrachloroaminoborane
In order to confirm the formula C12BNC12 for the compound related to signal A we attem pted to isolate this substance.
Distillation of tetrachlorom ethane from the reaction m ixture under reduced pressure at room tem perature affords only hexachloroborazine as a residue. These failures are probably caused by the unstable nature of tetrachloroaminoborane. How ever, when an equimolar mixture of boron trichlo ride and nitrogen trichloride in tetrachloromethane was kept a t room tem perature for about 30 min and subsequently evacuated a t -20 °C to -10 °C, thereby removing tetrachlorom ethane, a yellow liquid remained as a residue. This liquid can be distilled at -10 °C a t a pressure of about 1 mm. During this distillation some decomposition is observed.
The analysis of this liquid yields 6.1% boron and 82.8% chlorine. Calculated for BNCL one finds resp. 6.5% and 85.1%. The recorded mass spectrum showed the peak patterns of BNC14+ and BNC13+. Diluted with tetrachlorom ethane the liquid gave an n B NMR spectrum with an absorption at -34.7 ppm. This indicates th a t BNC14 is indeed responsible for signal A. However, both mass spectrum and NMR spectrum indicated the presence of small amounts of boron trichloride and hexachloroborazine, illustrating the slow decomposition of the substance.
In an attem pt to isolate the compound of signal B, we kept tetrachloroaminoborane and excess boron trichloride in tetrachlorom ethane for 24 hours at -6 °C. Excess boron trichloride, chlorine, solvent and tetrachloroaminoborane were distilled off at -10 °C. The residue was a colourless liquid together with a white solid. This mixture decom posed with a violent explosion slightly above room temperature. No further attem pts to isolate this compound were made.
Physical properties of tetrachloroaminoborane
Some physical properties of tetrachloroam ino borane have been determined. They are summarized in Table II along with those of the isoelectronic tetrachloroethene.
T ab le I I . P h y sical p ro p e rtie s o f te tra c h lo ro a m in o b o ran e a n d te tra c h lo ro e th e n e . 
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